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Method  of  and  apparatus  for  inspecting  printed  circuit  boards. 

©  Disclosed  is  a  method  of  and  apparatus  for 
inspecting  a  printed  circuit  board  (PCB)  for  the  na- 
ture  of  its  soldered  parts  comprising  three  ring- 
shaped  light  sources  which  project  light  of  different 
hues,  the  highest  light  source  being  any  hue  other 
than  red,  to  a  part  mounted  on  a  PCB  at  different 

^Jangles  and  heights  from  above,  a  camera  to  record 
^ t h e   reflected  images,  and  a  procedure  used  to  check 
^f  the  recorded  patterns  to  determine  if  the  soldering  is 
^   acceptable. 
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Method  of  and  Apparatus  for  Inspecting  Printed  Circuit  Boards 

and  at  different  angles  of  incidence  to  the  surface 
of  a  solid  bound  by  a  curved  surface  to  be  in- 
spected,  imaging  its  reflective  light,  and  detecting 
the  orientation  of  the  element  constituting  the 

5  curved  surface  from  the  respective  imaged  pat- 
terns.  This  "active  sensing  method"  is  one  way  to 
detect  information  on  three-dimensional  images. 
More  specifically,  when  a  light  beam  having  a 
constant  pattern  is  projected  onto  an  object,  the 

10  pattern  of  the  reflected  light  beam  obtained  from 
the  object  is  deformed  corresponding  to  the  three- 
dimensional  shape  of  the  object  and  the  deformed 
pattern  enables  the  estimation  of  the  object's 
shape. 

75  Fig.  6  is  a  diagram  explaining  the  principle  of 
this  method,  showing  the  positional  relation  be- 
tween  a  detecting  system  comprising  a  light  pro- 
jecting  unit  5,  an  imaging  unit  6,  and  a  solid  bound 
by  a  curved  surface  which  is  an  object  to  be 

30  inspected. 
When  a  light  beam  8  is  projected  from  the  light 

projecting  unit  5,  which  is  arranged  in  a  given 
position,  to  the  surface  of  a  solid  bound  by  a 
curved  surface  (i.e.  a  fillet)  7,  the  reflected  light 

25  beam  9  is  incident  on  the  imaging  unit  6  which  is 
placed  directly  over  the  solid  7.  Thus,  the  portion 
of  the  curved  surface  7  illuminated  by  the  light 
beam  8  is  oriented  at  an  angle  of  i  with  a  horizontal 
reference  surface  10  (i  is  the  angle  of  incidence). 

30  Accordingly,  when  a  plurality  of  light  projecting 
units  5  are  projected  on  a  fillet  7,  the  respective 
angles  of  incidence  detected  by  the  imaging  unit  6 
enable  the  determination  of  the  nature  of  the  fillet 
7. 

35  Furthermore,  if  the  light  projecting  unit  5  pro- 
jects  the  light  beam  8  having  an  incident  angle 
ranging  from  i  -  Ai  to  i  +  Ai  ,  the  imaging  unit  6 
can  detect  a  reflected  light  beam  9  having  a  width 
corresponding  to  the  range.  In  other  words,  the 

40  imaging  unit  6  can  detect  such  light  as  reflected 
from  curved  surfaces  having  an  angle  of  i  -  Ai  to  i 
+  Ai  with  respect  to  reference  surface  10. 

If,  as  in  Fig.  7,  the  light  projecting  unit  5 
comprises  a  plurality  of  ring  shaped  light  sources 

45  11,  12  and  13  having  different  angles  of  incidence 
to  the  solid  bound  by  a  curved  body  7,  then  the 
elements  of  the  curved  surface  having  orientations 
corresponding  to  the  angles  of  incidence  of  light 
beams  14,  15  and  16  from  the  sources  11  ,  12  and 

so  13  can  be  specifically  detected  as  described 
above. 

The  three  ring-shaped  light  sources  11,  12,  and 
13  having  radii  of  rm  (m  =  1,  2,  and  3)  are 
horizontally  arranged  in  positions  at  the  heights  hm 
(m  =  1,2,  and  3)  from  a  reference  surface  10.  In 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  methods  of 
and  apparatuses  for  inspecting  the  acceptability  of 
soldering  of  parts  mounted  on  printed  circuit 
boards  (PCBs). 

Description  of  Prior  Art 

Originally,  PCBs  were  visually  inspected  by 
operators  for  defects.  Specifically,  along  with  other 
questions  regarding  the  placement  of  surface 
mounted  devices  on  lands  and  their  lead  connec- 
tions.the  presence  or  absence,  the  amount,  the 
solubility,  the  short,  the  inferior  conduction,  and  the 
like  of  solder  determine  the  acceptability  of  a  PCB. 
But  the  drawbacks  due  to  human  error  caused  by 
fatigue  and  different  standards  of  acceptability,  not 
to  mention  the  high  cost  of  and  extensive  time 
needed  for  manual  inspection  of  the  increasingly 
small  PCBs,  led  the  industry  towards  automatic 
inspection.  Unfortunately,  problems  dealing  with 
cost,  effectiveness,  and  speed  of  inspection  still 
plague  the  art.  Greatly  contributing  to  the  problems 
is  the  necessity  for  a  reference  board  or  a  means 
to  determine  the  quality  of  the  PCBs  to  be  in- 
spected.  Recent  technology  intimates  that  the  use 
of  reference  parameters  may  be  used  to  overcome 
these  problems  by  determining  for  example  the 
quality  of  a  soldered  portion  (fillet)  of  a  PCB. 

The  surface  of  a  fillet  has  a  shape  which  ex- 
tends  in  three  dimensions.  In  order  to  inspect  the 
shape,  it  is  essential  that  information  on  three- 
dimensional  shapes  can  be  detected. 

Fig.  5  shows  an  example  of  an  automatic  in- 
specting  apparatus  capable  of  inspecting  informa- 
tion  on  three-dimensional  shapes,  which  projects 
slit  light  1  to  a  fillet  on  a  PCB  2.  By  projecting  the 
slit  light  1,  reflected  light  of  a  light  cutting  line  3 
formed  on  the  surface  of  the  PCB  2  including  the 
fillet  is  imaged  by  an  imaging  unit  4.  Then,  the 
imaged  pattern  is  examined  to  detect  the  three- 
dimensional  shape  of  the  fillet. 

However,  in  this  inspecting  method,  information 
is  only  obtained  on  the  shape  of  the  fillet  illumi- 
nated  by  the  slit  light  1.  Accordingly,  it  is  difficult  to 
grasp  the  three-dimensional  shapes  of  the  other 
portions. 

To  solve  this  problem,  there  is  provided  a 
method  of  projecting  light  in  a  plurality  of  directions 
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Referring  now  to  Fig.  8,  the  light  sources  24 
described  in  U.S.  Serial  #  439,943  are  from  top  to 
bottom  red  28,  green-  29,  and  blue  30.  First,  a 
reference  PCB  21s  is  placed  on  a  conveyor  27 

5  which  is  located  on  a  y-axis  table  23.  This  refer- 
ence  PCB  21s  contains  lands  covered  by  copper 
and  electrically  conductive  patterns  formed  on  the 
epoxy  resin  as  well  as  surface  mounted  devices. 
Additionally,  the  lands  are  further  covered  by  a  thin 

w  coating  of  solder  (about  150  to  200  micrometers 
thick)  to  improve  the  adhesiveness  between  the 
surface  mounted  device's  soldered  lead  and  the 
land,  while  the  patterns  are  covered  by  a  rough 
surfaced,  green  colored  solder  resist  for  insulation 

76  and  protection  against  short  circuits  that  may  be 
caused  by  stray  solder.  As  the  PCB  21s  moves 
along  the  y-axis  table  23,  the  light  sources  24 
project  light  and  the  reflected  incident  beams  are 
imaged  by  an  imaging  unit  25,  which  is  moving 

20  along  the  x-axis.  At  this  point  it  should  be  noted 
that  only  smooth  surfaces  such  as  fillets  are  able  to 
reflect  distinct  separate  colors  back  to  the  imaging 
unit  25  because  rough  surfaces  randomly  diffuse 
the  rays  directed  thereto,  in  effect  mixing  the  col- 

25  ors  so  the  incident  relection  appears  as  white  light. 
The  reference  PCB  21s  is  used  to  teach  the  judg- 
ing  means  26  the  size  and  type  of  parts  and  the 
like.  After  this  first  teaching  has  been  recorded  in 
the  judging  means  26,  a  second  reference  PCB 

30  20s  (not  shown)  without  surface  mounted  devices 
is  put  through  the  imaging  process  to  teach  the 
judging  means  26  land  location  information  to  be 
extracted  in  accordance  with  the  data  taken  from 
the  first  teaching.  Since  the  whole  surface  of  the 

35  PCB  20s  is  still  flat,  as  no  surface  mounted  de- 
vices  have  yet  been  placed  thereon,  the  top 
ringed-light  source  28  will  highlight  the  smooth, 
solder  coated  lands  as  red  while  the  rough  solder 
resist  will  appear  as  its  natural  color  in  white  light 

40  which  is  green. 
In  a  similar  manner,  the  PCB  to  be  inspected 

21t  is  placed  on  the  y-axis  table  23,  the  incident 
beams  from  the  light  sources  24  are  imaged  by  the 
imaging  unit  25  and  sent  to  the  judging  means  26 

45  for  determination.  Since  only  the  smooth  solder 
portions  are  highlighted  by  the  respective  colors: 
red  for  flat  surfaces,  green  for  gentle  slopes,  and 
blue  for  steep  slopes;  and  the  rest  of  the  PCB  is 
imaged  as  it  appears  in  white  light,  the  resulting 

so  image  produced  contains  very  detailed  information 
on  the  nature  of  the  soldered  fillets  as  well  as  the 
whole  PCB. 

However,  while  U.S.  Serial  #  439,943  performs 
admirably  on  expensive  high-grade  PCBs  with  the 

55  thin  coating  of  solder  over  their  lands,  the  appara- 
tus  has  problems  when  dealing  with  less  expensive 
PCBs  that  have  no  such  coating.  Specifically,  flat 
soldered  portions  are  undistinguishable  from  the 

addition,  let  im  (m  =  1,2,  and  3)  be  the  angles  of 
incidence  of  the  light  beams  14,  15,  and  16  from 
the  light  sources  11,  12,  and  13  to  the  solid  bound 
by  a  curved  surface  7.  In  this  case,  the  elements  of 
the  curved  surface  respectively  having  angles  of 
inclination  of  im  in  the  solid  bound  by  a  curved 
surface  7  can  be  detected  by  the  imaging  unit  6. 
The  size  of  the  element  of  the  curved  surface  is 
sufficiently  smaller  than  the  total  optical  path  length 
leading  from  the  light  sources  11,  12,  and  13  and 
the  solid  7  to  the  imaging  unit  6.  Consequently,  the 
angle  of  incidence,  that  is,  the  angle  of  inclination 
of  the  element  of  the  curved  surface  to  be  detected 
can  be  set  by  the  following  equation: 
cos  im  =  hm  /  (hm2  +  rm2)"2 
More  specifically,  the  foregoing  equation  can  be 
used  to  determine  specific  heights  and  radii  for 
light  sources  such  that  the  reflected  light  from  each 
source  is  incident  upon  the  imaging  unit  when  each 
respective  light  was  reflected  off  of  a  predeter- 
mined  slope  from  the  solid.  Thus,  the  imaging  unit 
6  will  receive  incident  beam  14  from  the  top  ring- 
shaped  light  source  11  when  the  slope  of  the  solid 
is  slight  or  zero;  when  the  solid  7  has  a  flat  surface. 
Similarly,  light  source  12  will  send  incident  beam 
15  to  the  imaging  unit  6  from  where  the  solid  7  has 
a  medium  or  gentle  slope  and  incident  beam  16 
from  light  source  13  will  only  be  received  by  the 
imaging  unit  6  from  places  where  the  solid  7  has  a 
steep  slope. 

An  automatic  inspecting  system  as  described 
above  consisting  of  white  light  sources  and  a  mon- 
ochromatic  camera  has  been  proposed  (Japanese 
Patent  Application  Laid  Open  Publication  #  61- 
293657).  However,  this  apparatus  requires  that  the 
light  sources  be  turned  on  and  off  instantaneously 
and  in  series  in  order  for  the  imaging  unit  to 
distinguish  the  light  received  from  its  source.  Thus, 
a  memory  for  storing  images  obtained  at  different 
timings  of  projected  light,  an  arithmetic  unit  for 
executing  an  arithmetic  operation  taking  the  images 
as  the  same  field  image,  a  lightning  unit  for  caus- 
ing  each  of  the  light  sources  to  instantaneously 
perform  a  lightning  operation,  and  the  like  are 
required. 

One  way  to  eliminate  the  need  for  this  timing 
hardware  is  to  distinguish  the  different  light  sources 
by  color  as  in  the  related  art  submitted  to  the  US 
PTO  (U.S.  Serial  #  439,943).  This  co-pending  ap- 
plication  is  not  prior  art,  but  it  is  related  art  that 
describes  an  earlier  embodiment  of  this  invention. 
Specifically  relating  to  this  invention  is  the  embodi- 
ment  with  only  one  imaging  unit  described  in  Fig. 
15  of  U.S.  Serial  #  439,943.  However,  this  invention 
is  only  designed  to  measure  high-grade  PCBs 
which  are  more  expensive  than  normal  PCBs  be- 
cause  of  a  thin  coating  of  solder  pasted  over  the 
lands. 
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size  of  a  PCB  inspecting  apparatus.  In  prior  art, 
PCBs  to  be  inspected  have  been  mounted  on  an 
xy  table  and  then  inspected  by  an  immobile  imag- 
ing  means.  Since  the  immobile  imaging  unit  need- 

5  ed  to  view  every  portion  of  the  xy  table,  the  PCB 
inspecting  apparatus  needed  space  equal  to  four 
times  the  xy  table  to  accommodate  the  table's 
movement  along  both  axes.  By  placing  the  PCB  to 
be  inspected  on  a  y-axis  table  and  the  imaging 

70  means  on  an  x-axis  table,  the  space  needed  to 
inspect  the  PCB  can  be  reduced  by  1/2  as  only 
twice  the  area  of  the  y-axis  table  is  needed  to 
accommodate  the  movement  of  the  table.  Further- 
more,  it  would  be  impractical  to  place  the  imaging 

75  means  on  an  xy  table  as  the  movement  along  both 
axes  would  induce  too  much  vibration  and  hence 
increase  the  probability  of  imaging  error,  even 
though  it  would  further  reduce  the  size  of  the 
apparatus. 

20  Another  object  of  this  invention  is  to  provide  a 
PCB  inspecting  apparatus  that  displays  highlighted 
images  designed  for  "human  engineering"  of  all 
the  regions  of  a  normal  PCB.  In  other  words,  to 
provide  a  highlighted  color  display  in  which  human 

25  operators  can  easily  perceive  not  only  the  different 
colors  but  also  the  meaning  of  colors.  To  this  end, 
laboratory  experimentation  and  operation  has  in- 
dicated  that  a  green  ring-shaped  light  source  lo- 
cated  at  the  highest  height  from  the  y-axis  table, 

30  followed  in  height  by  a  red  ring-shaped  light 
source,  and  a  blue  ring-shaped  light  source  closest 
to  the  y-axis  table  produce  the  most  easily  distin- 
guishable  image  for  a  human  operator.  Additionally, 
there  is  no  problem  with  using  green  for  the  top 

35  light  source  because  the  lands,  being  rough  cop- 
per,  will  still  appear  as  red  in  the  teaching  process 
and  will  not  be  confused  with  the  green  solder 
resist. 

Another  object  of  this  invention  is  to  provide  a 
40  PCB  inspecting  apparatus  capable  of  inspecting 

normal  PCBs.  This  object  is  accomplished  by  us- 
ing  green  as  the  top  light  source.  In  such  an 
embodiment,  flat  soldered  surfaces  will  appear 
green,  contrasting  with  the  rough  copper  lands. 

45  Thus,  an  embodiment  with  green  as  the  top  light 
source  is  not  only  designed  for  "human  engineer- 
ing"  but  also  capable  of  inspecting  normal  PCBs. 

Yet  another  object  of  this  invention  is  to  pro- 
vide  a  PCB  inspecting  apparatus  capable  of  in- 

50  specting  all  types  of  PCBs.  Today  there  are  two 
basic  genres  of  PCBs.  Both  types  consist  of  an 
epoxy  resin  with  copper  coated  lands  as  well  as 
electrically  conductive  patterns  formed  on  the  ep- 
oxy  resin  and  insulated  with  a  solder  resist.  The 

55  lands  are  to  be  used  as  bases  for  mounting  the 
leads  from  surface  mounted  devices.  The  first  type, 
the  high-grade  type,  has  a  thin  coating  (about  1  50- 
200  micrometers)  of  solder  cream  over  the  lands. 

rough  copper  lands.  The  imaging  unit  views  both 
as  red.  Consequently,  lead  connections  completely 
lacking  solder  or  insufficiently  soldered  to  the  lands 
cannot  be  detected. 

SUMMARY  OF  THE  INVENTION 

It  is  one  object  of  this  invention  to  provide  a 
PCB  inspecting  apparatus  capable  of  inspecting  ail 
surface  mounted  devices  on  a  PCB  to  determine  if 
each  lead  is  sufficiently  soldered  to  a  land. 

Another  object  of  this  invention  is  to  provide  a 
PCB  inspecting  apparatus  capable  of  determining 
the  nature  of  a  fillet. 

It  is  another  object  of  this  invention  to  deter- 
mine  if  the  lands  are  in  the  proper  locations  on  the 
PCB  and  that  the  surface  mounted  devices  are 
properly  mounted  on  the  lands. 

A  further  object  of  this  invention  is  to  determine 
if  the  lead  connections  are  proper;  whether  the 
leads  are  properly  secured  to  the  lands  or  correctly 
inserted  through  the  pinholes  in  the  circuit  board. 

Yet  another  object  of  this  invention  is  to  pro- 
vide  a  teaching  procedure  that  allows  an  operator 
to  adjust  feature  parameters  regarded  as  defects 
by  the  PCB  inspecting  apparatus.  This  object  is 
realized  by  the  apparatus  displaying  on  a  CRT 
(Cathode  Ray  Tube)  display  unit  the  criteria  used 
for  a  rejection.  An  operator,  then,  can  determine  if 
the  supposed  defect  is  serious  enough  to  hinder 
operation  of  the  PCB.  If  the  operator  determines 
that  the  supposed  defect  is  not  serious  and  will  not 
affect  operation  of  the  PCB,  then  the  operator  can 
adjust  the  feature  parameters  used  as  criteria  so 
the  apparatus  will  no  longer  consider  such  a  pat- 
tern  as  a  defect.  Therefore,  the  number  of  false 
defects  can  be  considerably  reduced  as  no  mistake 
will  be  made  twice. 

Still  another  object  of  this  invention  is  to  pro- 
vide  an  apparatus  that  can  inspect  PCBs  quickly, 
effectively,  and  cost  efficiently.  Too  often  in  the 
past,  PCB  inspection  has  been  left  to  human  oper- 
ators  subjected  to  environmental  factors  such  as 
fatigue  and  differing  standards  for  rejection.  Thus, 
defective  parts  were  bound  to  pass  inspection  un- 
noticed  and  PCBs  that  one  person  deemed  accept- 
able  were  considered  to  be  defective  by  another. 
Furthermore,  prior  automatic  apparatuses  required 
large  memories  to  store  reference  board  informa- 
tion.  Such  memories  are  not  only  expensive  but 
also  require  extensive  time  to  shift  through  all  the 
details.  By  using  feature  parameters  to  determine 
defects,  the  PCB  inspecting  apparatus  according  to 
the  present  invention  does  not  require  such  a  big 
memory  to  process  multitudinous  information. 

Another  object  of  the  invention  is  to  reduce  the 
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Other  objects  and  advantages  of  this  invention 
will  become  apparent  from  the  following  description 
and  accompanying  drawings. 

Since  solder  has  a  very  smooth  surface,  the  dif- 
ferent  colors  of  light  directed  to  the  solder  by  PCB 
inspecting  apparatuses  are  separated  and  the  im- 
aging  means  images  the  specific  colors  (i.e.  red, 
green,  and  blue)  that  are  incident  on  the  camera. 
On  the  other  hand,  the  other  surfaces  of  the  PCB 
such  as:  integrated  circuits  and  other  surface 
mounted  devices,  reference  printing,  epoxy  resin, 
pinholes,  solder  resist,  and  the  like  are  rough  and 
therefore  widely  diffuse  the  colors  directed  thereto. 
As  a  result,  the  colors  are  mixed  to  be  white  light 
and  the  surfaces  appear  as  their  natural  color  on 
the  imaging  means.  To  avoid  confusing  flat  and 
insufficiently  soldered  portions  with  the  green  sol- 
der  resist,  the  apparatus  described  in  U.S.  Serial  # 
439,943  was  precluded  from  having  green  as  its 
top  light  source  in  any  of  its  embodiments.  Addi- 
tionally,  in  consideration  of  "human  engineering", 
red  was  preferred  over  blue  as  the  top  light  source 
because  the  soldered  portions'  images  thus  pro- 
duced  were  the  most  easily  distinguishable  for  the 
operators  viewing  the  image. 

Because  the  process  of  applying  the  solder 
cream  to  the  copper  coated  lands  is  expensive  and 
time  consuming,  normal  PCBs  bypass  the  solder 
cream  process  leaving  these  lands  uncovered. 
Since  these  copper  coated  lands  have  rough  sur- 
faces,  the  colors  thereto  directed  are  randomly 
diffused  and  their  image  appears  as  it  would  in 
white  light.  Furthermore,  the  color  of  copper  in 
white  light  is  nearly  indistinguishable  from  the  color 
of  red  light.  Consequently,  the  PCB  inspecting  ap- 
paratus  described  in  U.S.  Serial  #  439,943  had 
difficulty  distinguishing  flat  copper  lands  from  flat 
or  minuscular  sloped  solder  portions.  Therefore,  in 
this  embodiment  the  top  ring-shaped  light  source  is 
blue.  Since  the  incident  light  received  by  the  imag- 
ing  unit  from  the  top  light  source  corresponds  to  a 
flat  surface  being  inspected,  the  redness  of  the 
rough  copper  surface  is  no  longer  a  problem  as  the 
reflected  image  of  a  flat,  smooth  surface  is  blue. 

In  order  to  attain  the  above  described  objects, 
the  present  invention  provides  a  PCB  inspecting 
apparatus  for  inspecting  a  part  mounted  on  a  PCB 
for  the  nature  of  its  soldered  portion,  which  com- 
prises  a  light  projecting  means  including  a  plurality 
of  ring-shaped  light  sources  for  directing  light  of 
different  hues  (different  colors)  to  one  part  ob- 
liquely  from  above  at  different  angles  of  incidence 
and  with  the  green  or  blue  source  at  the  greatest 
height  from  the  surface  to  be  inspected,  an  imag- 
ing  means  located  on  the  center  line  of  each  of  the 
ring-shaped  light  sources  in  a  position  directly  over 
the  part  and  including  a  color  camera  for  imaging 
reflected  light  of  each  color  from  the  surface  area 
of  the  above  portion  to  be  inspected,  and  a  deter- 
mining  means  to  determine  whether  or  not  solder- 
ing  is  acceptable. 

Brief  Description  of  the  Drawings 

Fig.  1  is  a  block  diagram  showing  one  em- 
bodiment  of  an  over-all  structure  of  a  PCB  inspect- 

io  ing  apparatus  of  this  invention. 
Fig.  2  illustrates  soldering  quality  and  its 

relation  to  feature  parameters. 
Fig.  3  is  a  flow  chart  showing  the  procedure 

for  teaching  processing. 
75  Fig.  4  is  a  flow  chart  showing  the  procedure 

for  inspection  processing. 
Fig.  5  illustrates  the  principle  of  a  conven- 

tional  automatic  inspecting  apparatus. 
Figs.  6  and  7  are  diagrams  for  explaining 

20  the  principle  of  inspection  in  an  automatic  inspect- 
ing  apparatus. 

Fig.  8  is  a  block  diagram  illustrating  related 
art. 

25  DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Fig.  1  illustrates  a  PCB  inspecting  apparatus 
30  according  to  an  embodiment  of  this  invention.  The 

inspection  method  utilized  involves  comparision  of 
feature  parameters  of  a  reference  PCB  to  the  PCBs 
to  be  inspected. 

First,  a  PCB  is  placed  on  a  conveyor  27  which 
35  is  located  on  a  y-axis  table  23.  In  the  teaching 

process,  reference  PCBs  20s  with  reference  parts 
21s  are  studied  to  teach  the  apparatus  relevant 
information  such  as:  size  of  parts,  kind  of  parts, 
printed  information  (labelling  parts),  location  of 

40  parts,  nature  of  soldering,  and  the  like.  Then,  PCBs 
20s  are  studied  and  the  apparatus  extracts  land 
information  in  accordance  with  the  data  taken  from 
the  first  teaching.  In  this  manner,  the  apparatus  can 
determine  if  the  parts  are  correctly  mounted  on  the 

45  lands  as  well  as  their  soldered  condition.  However, 
in  another  embodiment  of  this  invention  this  sec- 
ond  teaching  process  can  be  eliminated  by  incor- 
poration  into  the  first  teaching  process.  In  such 
case,  only  one  group  of  reference  PCBs  20s  with 

so  reference  parts  21s  are  needed  to  teach  the  ap- 
paratus.  Once  this  information,  the  feature  param- 
eters,  has  been  extracted  and  stored,  the  inspec- 
tion  process  can  begin  and  PCBs  20t  with  parts 
21  1  are  placed  on  the  conveyor  27. 

55  As  the  PCB,  whether  20s,  20s  with  reference 
parts  21s,  or  20t  with  parts  21t  (hereinafter  only 
labelled  when  discussing  the  specific  PCB,  i.e. 
PCB  20s)  moves  down  the  conveyor  27,  a  light 
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creating  file  holding  data.  The  image  processing 
unit  34  performs  this  function  three  times,  once  for 
each  color.  Then,  this  file  holding  determining  data 
is  returned  to  the  CPU  39  and  also  distributed  to 

5  the  determining  unit  36  or  the  teaching  table  35  if 
the  apparatus  is  in  the  teaching  mode. 

The  teaching  table  35  stores  the  file  holding 
determining  data  when  it  is  supplied  from  the  CPU 
39  in  the  teaching  mode.  Determining  data  or  fea- 

10  ture  parameters  are  for  example:  width  of  fillet,  end 
of  lead,  land  location,  degree  of  slope,  type  of  part 
mounted,  direction  of  mounting,  and  the  like.  The 
teaching  table  35  stores  the  average  value  of  each 
from  the  teaching  PCBs  20s  and  20s  with  refer- 

75  ence  parts  21s.  There  are  many  feature  param- 
eters  each  further  broken  down  into  conditions,  in 
which  a  majority  must  be  met  to  satisfy  the  param- 
eter.  In  the  inspection  mode,  the  teaching  table  35 
reads  out  this  file  holding  determining  data  accord- 

20  ing  to  a  transfer  request  to  supply  the  file  holding 
data  to  the  CPU  39  and  the  determining  unit  36. 

The  determining  unit  36  compares  the  file 
holding  determining  data  supplied  from  the  CPU  39 
in  the  inspection  mode  with  the  file  holding  data  to 

25  be  inspected,  which  was  transferred  from  the  the 
image  processing  unit  34,  to  determine  whether  or 
not  a  soldered  state  is  good  with  respect  to  the 
PCB  20t  with  parts  21t  to  be  inspected.  Then,  the 
determining  unit  36  outputs  the  results  of  the  deter- 

30  mination  to  the  CPU  39. 
Fig.  2  illustrates  the  relation  between  soldering 

quality  and  the  determining  data,  the  feature  pa- 
rameters.  Examples  of  good  soldering,  acceptable 
soldering,  unacceptable  soldering,  and  no  solder 

35  are  illustrated  in  cross-sectional  views  and  from  the 
view  of  the  actual  imaged  pattern,  which  is  broken 
down  into  the  respective  colors  making  up  the 
pattern.  Fig.  2  corresponds  to  an  embodiment  of 
this  invention  where  the  top  light  source  is  green, 

40  the  middle  source  is  red,  and  the  bottom  source  is 
blue;  hence  the  soldered  portions  44  that  are  flat 
appear  as  green  imaged  patterns  (\\\\),  the  gentle 
slopes  are  red  (  —  ),  and  the  steep  areas 
of  the  fillet  are  blue  (////).  When  the  condition  of  the 

45  soldering  is  unacceptably  low,  only  a  very  thin 
layer  covers  the  land  45  and,  though  it  appears 
adequately  silver  (solder  colored)  in  white  light,  the 
resultant  image  P  is  predominantly  green.  In  cases 
of  no  solder,  the  redness  P  '  of  the  flat  but  rough 

so  surfaced  copper  land  combines  with  some  incident 
green  rays  P  '  to  produce  a  yellowish  image  on  the 
CRT  display  unit  41.  Thus,  the  above  difference  in 
colors  enables  cases  of  low  soldering  to  be  distin- 
guished  from  cases  of  no  soldering. 

55  Again  referring  to  Fig.1,  the  image  controller  31 
and  the  x  and  y  table  controller  37  ensure  that  the 
whole  PCB  is  imaged.  The  image  controller  31 
comprises,  for  example,  an  interface  for  connecting 

projecting  unit  24  projects  light  onto  the  PCB.  The 
light  projecting  unit  24  comprises  three  ring-shaped 
light  sources:  green  29,  red  28,  and  blue  30  having 
different  radii  and  arranged  in  positions  at  different 
heights  from  the  y-axis  table  23.  Furthermore,  the 
smallest  radius  is  at  the  greatest  height  from  the  y- 
axis  table  and,  in  this  embodiment,  is  green. 

When  such  projected  light  strikes  the  surface 
of  the  PCB,  it  is  deflected  to  an  imaging  unit  25 
located  directly  above  the  PCB  and  above  and  in 
the  center  of  the  ring-shaped  light  sources  29,  28, 
and  30.  While  the  light  that  strikes  rough  surfaces 
such  as:  integrated  circuits,  printing,  epoxy  resin, 
through  holes,  copper  lands,  solder  resist,  and  the 
like  is  randomly  diffused  and,  through  mixing,  be- 
comes  white  light;  incident  light  striking  the  smooth 
surface  of  the  fillets  will  maintain  its  specific  color, 
such  colored  incident  rays  recorded  by  a  camera 
32  in  an  imaging  unit  25,  indicating  the  nature  of 
the  curved  surface. 

In  the  present  embodiment,  the  light  sources 
29,  28,  and  30  respectively  have  structures  in 
which  a  white  light  source  is  coated  with  green, 
red,  and  blue  transparent  plates  (color  filters).  How- 
ever,  the  light  sources  are  not  limited  to  those 
having  such  structures  provided  that  they  produce 
light  of  three  primary  colors.  For  example,  ring 
shaped  flourescent  lamps  or  neon  tubings  could 
also  be  used. 

The  incident  rays  reflected  from  the  PCB  are 
recorded  by  a  color  TV  camera  32  which,  together 
with  an  x-axis  table  22  on  which  the  camera  32  is 
placed,  constitutes  the  imaging  unit  25.  By  moving 
the  PCB  down  the  conveyor  27  in  the  direction  of 
the  y-axis  while  the  camera  32  moves  in  the  direc- 
tion  of  the  x-axis,  all  of  the  regions  of  the  PCB  are 
able  to  be  detected.  This  movement  is  directed  by 
an  x  and  y  table  controller  37  which  is  located  in  a 
procesing  unit  26.  The  detected  images  are  then 
converted  to  electrical  signals  by  the  imaging  unit 
25  and  sent  to  an  anolog/digital  (A/D)  converter  33 
which  is  part  of  the  processing  unit  26. 

Besides  an  A/D  converter  33  and  an  x  and  y 
table  controller  37,  the  processing  unit  26  further 
comprises:  an  image  processing  unit  34,  a  teaching 
table  35,  a  determining  unit  36,  a  controller  for 
imaging  31,  a  keyboard  40,  a  cathode  ray  tube 
(CRT)  display  unit  41,  a  printer  42,  a  floppy  disk 
unit  43,  a  memory  38,  and  a  control  unit  (CPU)  39. 

The  A/D  converter  33  converts  the  colored 
signals  of  green,  red,  and  blue  into  digital  signals 
and  supplies  the  same  to  the  random  access  mem- 
ory  (RAM)  38.  The  RAM  38  serves  as  a  work  area 
for  the  CPU  39  and  sends  the  digital  signals  there- 
to.  Subsequently,  the  CPU  39  directs  the  digital 
signals  to  the  image  processing  unit  34  which 
binarizes  the  aforementioned  signals  to  a  color 
threshold  to  distinguish  each  color  from  the  other, 
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color,  the  nature  of  the  soldering,  and  the  like  to 
teach  the  type  and  position  of  mounting  for  each 
part  21s. 

When  this  is  accomplished  for  each  part,  the 
5  setting  of  a  region  to  be  inspected  is  performed  in 

ST5.  In  general,  a  part  has  numerous  leads  around 
its  periphery  that  are  soldered  to  a  land  on  the 
PCB;  the  area  around  this  is  the  region  to  be 
inspected.  The  setting  of  the  regions  to  be  in- 

w  spected  comprises  y-axis  location  exraction  from 
•  the  images  obtained  by  the  imaging  unit  25  for 

each  part's  region  of  the  PCB. 
Once  the  regions  to  be  inspected  have  been 

set,  the  teaching  process  is  repeated  on  a  teaching 
rs  PCB  20s.  Determinations  on  size  and  location  of 

lands  and  patterns  are  produced  by  following  ST1 
through  ST5  and  in  this  manner  the  proper  mount- 
ing  of  the  parts  on  the  lands  is  ensured. 

At  this  point,  the  procedure  for  teaching  a 
20  feature  parameter  begins.  ST6  comprises  the  CPU 

39  initializing  the  number  (n)  of  teaching  PCBs  to 
1.  Then,  in  ST7,  the  starting  operation  of  feature 
extract  processing  is  accomplished  by  the  operator 
placing  the  first  PCB  20s  with  reference  parts  21s 

25  on  the  y-axis  table  unit  23  and  depressing  the  start 
key  of  the  keyboard  40.  The  CPU  39  controls  the 
x-axis  table  unit  22  and  the  y-axis  table  unit  in 
response  to  the  data  obtained  on  the  position  of 
the  parts  and  the  regions  to  be  inspected  obtained 

30  in  ST4  and  ST5  in  order  to  sequentially  position 
the  fields  of  view  of  the  television  camera  32  to 
image  the  PCB  20s  with  reference  parts  21s. 

Finally  in  ST8,  the  extracting  processing  of 
feature  parameters  is  performed.  The  electronic 

35  color  signals  of  the  three  primary  colors,  green, 
red,  and  blue  that  were  obtained  by  the  imaging 
unit  are  converted  into  digital  data  by  the  A/D 
converter  33  and  stored  in  the  RAM  38  on  a  real 
time  basis.  Then,  the  CPU  39  extracts  land  portions 

40  within  each  part's  region  and  reads  out  image  data 
of  the  respective  hues  from  the  RAM  38  and  sends 
the  same  to  the  image  processing  unit  34.  The 
image  processing  unit  34  then  binarizes  the  color 
signals  according  to  a  threshold  for  each  color, 

45  making  each  color  distinct.  In  this  manner,  the 
normal  soldered  state  with  respect  to  green,  red, 
and  blue  patterns  is  calculated  to  become  the 
feature  parameters  to  be  used  for  inspecting. 

When  the  feature  parameters  have  been  deter- 
so  mined  for  each  region  on  a  PCB  20s  with  reference 

parts  21s,  the  CPU  39  judges,  ST9,  whether  all 
reference  PCBs  have  been  scrutinized.  If  not,  then 
the  teaching  procedure  moves  on  to  ST10  and  the 
counter  n  is  increased  by  1.  Then  the  procedure 

55  for  teaching  a  feature  parameter  is  resumed  at  ST7 
until  all  PCBs  have  been  scrutinized.  Eventually  the 
CPU's  39  judgement  in  ST9  will  be  yes  and  the 
teaching  process  will  proceed  to  ST11. 

the  CPU  39  with  the  light  projecting  unit  24  and  the 
imaging  unit  25  and  controls,  on  command  from 
the  CPU  39,  the  amounts  of  light  emitted  by  the 
respective  light  sources  29,  28,  and  30;  maintaining 
a  balance  between  light  output  of  hues  of  the  color 
television  camera  32  to  the  imaging  unit  25. 

The  x  and  y  table  controller  comprises,  for 
example,  an  interface  for  connecting  the  CPU  39  to 
the  x-axis  table  22  and  the  y-axis  table  23;  control- 
ling  the  tables  in  response  to  commands  from  the 
CPU  39. 

The  CRT  display  unit  41  comprises  a  cathode- 
ray  tube  and  displays  on  its  screen  image  data  that 
is  the  result  of  the  determinations  of  feature  param- 
eters,  keyboard  input  data,  and  the  like  when  such 
data  is  supplied  from  the  CPU  39.  The  printer  42 
prints  out  the  results  of  the  determination  and  the 
like  when  the  same  is  supplied  from  the  CPU  39. 
The  keyboard  40  comprises  various  keys  required 
for  entering  information  on  operations,  data  on  the 
reference  PCBs  20s  and  20s  with  reference  parts 
21s,  the  PCB  to  be  inspected  20t  with  parts  21t, 
and  the  like  to  be  supplied  to  the  CPU  39. 

The  CPU  39  includes  a  microprocessor  and  the 
like  and  controls  operations  in  teaching  and  inspec- 
tion  through  the  following  procedures. 

Referring  to  Fig.  3,  a  flow  chart  for  describing 
one  embodiment  of  a  teaching  procedure,  the  start 
of  teaching  comprises  the  CPU  39  turning  on  the 
light  projecting  unit  24  and  the  imaging  unit  25  to 
arrange  the  conditions  for  imaging  and  for  data 
processing.  In  the  first  step  (ST1),  an  operator 
operates  the  keyboard  40  to  register  the  name  and 
input  the  size  of  the  first  teaching  PCB  20s  with 
reference  parts  21s.  ST2  comprises  starting  the 
operation  of  position  detecting  processing  whereby 
the  operator  places  the  first  teaching  PCB  20s  with 
reference  parts  21s  on  the  y-axis  table  unit  and 
depresses  a  start  key.  In  ST3,  inputting  the  refer- 
ence  points  of  the  PCB,  the  upper  right-hand  and 
lower  left-hand  corner  portions  are  imaged  in  the 
imaging  unit  25  as  the  origin  of  the  reference  PCB 
20s  with  reference  parts  21s  and  then  displayed  on 
the  CRT  display  unit  41.  When  the  operator  posi- 
tions  the  cursor  in  each  of  the  above  comer  por- 
tions  and  depresses  a  particular  key,  the  coordi- 
nates  of  the  cursor  position  are  inputted  as  the 
coordinates  of  the  corner  portions.  The  CPU  39 
then  controls  the  x-axis  table  22  and  the  y-axis 
table  23  on  the  basis  of  the  coordinate  data  to 
place  the  PCB  in  its  initial  position. 

Once  the  reference  PCB  20s  with  reference 
parts  21s  is  in  its  initial  position,  teaching  of  posi- 
tion  and  type  of  each  part  occurs  in  ST4.  Each  part 
21s  is  imaged  by  the  imaging  unit  25  and  analyzed 
by  the  image  processing  unit  34  to  determine  the 
labels  representing  the  part,  the  direction  of  mount- 
ing,  the  position  on  the  PCB  20s,  the  shape.the 
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again  at  ST3.  Once  all  PCBs  20t  with  parts  21t 
have  been  inspected,  the  inspection  is  terminated 
and  the  inspection  process  ends. 

The  above  described  invention  comprising  the 
5  light  projecting  unit  24  with  the  three  ring-shaped 

light  sources,  with  green  29  on  top,  red  28  in  the 
middle,  and  blue  30  closest  to  the  y-axis  table  23 
is  able  to  inspect  all  normal  PCBs;  PCBs  with 
copper  lands.  However,  by  changing  the  embodi- 

w  ment  of  the  light  sources,  this  invention  can  be 
made  to  inspect  all  genres  of  PCBs.  Specifically, 
this  apparatus  can  inspect  both  normal  PCBs  and 
high-grade  PCBs  if,  in  another  embodiment,  the 
blue  30  light  source  is  on  top,  regardless  of  wheth- 

75  er  red  28  or  green  29  comprise  the  middle  or 
lowest  ring-shaped  light  source.  In  an  embodiment 
with  blue  30  as  the  top  light  source,  the  flat  sur- 
faced  fillets  will  appear  as  blue;  easily  contrasting 
with  the  reddish  copper  lands  of  a  normal  PCB  as 

20  well  as  with  the  green  solder  resist  that  covers  the 
patterns  formed  on  the  epoxy  resin. 

The  above  description  and  accompanying 
drawings  are  merely  illustrative  of  the  applications 
of  the  present  invention  and  are  not  limiting.  Many 

25  other  embodiments  falling  under  the  spirit  and 
scope  of  this  invention  may  be  devised  by  those 
skilled  in  the  art.  Accordingly,  this  invention  is  only 
limited  by  the  scope  of  the  appended  claims. 

In  ST11,  the  CPU  39  generates  the  teaching 
table  35  by  subjecting  each  of  the  feature  param- 
eters  associated  with  the  n  reference  PCBs  20s 
with  reference  parts  21s  to  statistical  processing  to 
calculate  the  average  value  and  the  standard  de- 
viation  so  as  to  obtain  the  average  amount  of 
features  for  each  of  the  parts.  Then,  the  CPU  39 
creates  a  file  holding  determining  data  taking  the 
range  corresponding  to  the  average  value  multi- 
plied  by  a  constant,  thus  obtaining  the  normal 
range  of  standard  deviation  to  be  filed  in  the  teach- 
ing  table  35.  The  CPU  39  then  corrects  any  data 
required  to  terminate  teaching  and  the  apparatus  is 
primed  for  inspection. 

Fig.  4  illustrates  a  flow  chart  depicting  an  em- 
bodiment  of  an  inspection  procedure.  After  the  start 
of  the  inspection  process,  the  operator  selects  the 
name  of  the  PCB  to  be  inspected  ST1  and  then 
starts  the  operation  of  PCB  inspection  ST  2.  Next, 
in  ST3,  the  CPU  39  judges  whether  PCB  20t  with 
parts  21t  has  been  supplied  to  the  apparatus.  If 
yes,  then  the  conveyor  27  is  operated  ST4  and  the 
PCB  20t  with  parts  21t  is  conveyed  into  the  y-axis 
table  23  and  inspected  ST5. 

During  ST5,  the  CPU  39  controls  both  the  x- 
axis  table  22  and  the  y-axis  table  23,  positions  the 
field  of  view  of  the  television  camera  32  with  re- 
spect  to  the  first  part  21t  on  the  PCB  20t  to  be 
inspected  to  image  the  PCB,  automatically  extracts 
land  portions  in  the  region  to  be  inspected,  and 
calculates  feature  parameters  in  each  of  the  land 
portions;  creating  file  holding  data  to  be  inspected. 
Then,  the  CPU  39  transfers  the  above  file  holding 
data  to  the  determining  unit  36  to  compare  with  the 
file  holding  data  stored  in  the  teaching  table  35.  In 
this  manner,  ST6,  the  determining  unit  36  deter- 
mines  whether  or  not  soldering  is  acceptable  with 
respect  to  the  first  part  21  1. 

Such  inspection  is  repeatedly  made  with  re- 
spect  to  all  parts  21t  on  the  PCB  20t  to  be  in- 
spected.  If  the  soldering  of  a  part  21t  is  unaccep- 
table,  ST7,  then  the  faulty  part  21t  and  the  con- 
tents  of  the  fault  (i.e.  the  conditions  that  are  based 
on  feature  parameters  that  are  in  turn  used  to 
determine  soldering  acceptability)  are  displayed  on 
the  CRT  display  unit  41  or  printed  by  the  printer 
42.  Thus,  the  operator  can  see  the  reasons  why  the 
apparatus  declared  a  part  21  1  a  defect  and  in  the 
case  of  a  false  defect  the  operator  is  enabled  to 
alter  the  conditions  used  by  the  apparatus  to  make 
its  determination.  In  this  manner,  numerous  false 
defects  can  be  simply  avoided.  If,  on  the  other 
hand,  the  soldering  is  determined  to  be  acceptable 
for  all  parts  21  1,  ST8,  then  the  PCB  20t  is  con- 
veyed  out  of  the  y-axis  table  23.  The  CPU  39  then 
judges,  ST9,  if  all  PCBs  to  be  inspected  20t  with 
parts  21t  have  indeed  been  inspected.  If  not,  then 
the  next  PCB  is  supplied  and  the  procedure  begins 

30 
Claims 

1.  A  printed  circuit  board  (PCB)  inspecting  ap- 
paratus  for  inspecting  a  part  mounted  on  a  PCB  for 

35  the  nature  of  its  soldered  portion,  comprising: 
a  light  projecting  means  including  a  plurality  of 
ring-shaped  light  sources  for  directing  light  of  dif- 
ferent  hues  to  said  part  obliquely  from  above  at 
different  angles  of  incidence; 

40  the  top  light  source  comprising  any  hue  other  than 
red; 
an  imaging  means  including  a  color  camera  located 
in  the  center  of  the  ring-shaped  light  sources  and 
directly  over  the  part  for  imaging  reflected  light 

45  from  the  surface  of  said  portion  to  be  inspected; 
and 
a  determining  and  processing  means  for  detecting 
the  nature  of  the  soldered  portion  by  an  imaged 
pattern  obtained  by  the  imaging  means  to  deter- 

so  mine  soldering  acceptability. 
2.  The  apparatus  according  to  claim  1  ,  wherein 

said  light  projecting  means  comprises  three  ring- 
shaped  light  sources. 

3.  The  apparatus  according  to  claim  2,  wherein 
55  said  ring-shaped  light  sources  comprise  the  hues 

of  green,  red  and  blue. 
4.  The  apparatus  according  to  claim  3,  wherein 

said  ring-shaped  light  sources  are  comprised  of 

8 
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different  radii  and  different  heights  from  the  PCB. 
5.  The  apparatus  according  to  claim  4,  wherein 

said  radii  are  smallest  at  the  greatest  height  from 
the  PCB  and  largest  at  the  least  height  from  the 
PCB.  s 

6.  The  apparatus  according  to  claim  5,  wherein 
said  ring-shaped  light  source  at  the  greatest  height 
from  the  PCB  is  green. 

7.  The  apparatus  according  to  claim  5,  wherein 
said  ring-shaped  light  source  at  the  greatest  height  w 
from  the  PCB  is  blue. 

8.  A  method  for  inspecting  a  PCB  for  determin- 
ing  if  lands  are  in  the  proper  locations,  surface 
mounted  devices  are  mounted  correctly  to  said 
lands,  and  if  leads  of  said  surface  mounted  devives  75 
are  correctly  soldered  to  said  lands,  wherein  a  light 
projecting  means  projects  different  hues  of  light  at 
a  PCB,  the  top  light  source  comprising  any  hue 
other  than  red,  the  incident  reflection  of  said  light 
on  an  imaging  means  maintains  its  distinct  hue  20 
when  incident  from  a  smooth  surface  such  as  sol- 
der  and  mixes  to  become  white  light  when  incident 
from  a  rough  surface  such  as  epoxy  resin,  and  a 
determining  and  processing  means  that  compares 
feature  parameters  of  said  incident  reflections.  25 
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